Laplace's tidal equation for diurnal tides of longitudinal number one is investigated. It is found that in addition to the previously found solutions (Hough Functions) corresponding to positive equivalent depths there are also Hough Functions corresponding to negative equivalent depths. Both are necessary for the representation of observed tidal data.
of the observed pressure oscillation.
i . INTRODUCTION
In the study of at,mospheric tides, the diurnal tide has been relatively neglected; the semidiurnal tide has received most, of the attention. In recent years, however, with improved rocket data, it has been found that the diurnal period is dominant in mesospheric winds and temperatures (hliers [8], Beyers and Miers [2]>. As a result a renewed study of the diurnal tide seemed important. Inevitably, the study of tides requires a knowledge of Hough Functions for the period and longitudinal wave number under consideration (Siebert [lo] ). For the diurnal tide following the sun (i.e., ~= + 1 day; longitudinal wave number = + 1) the relevant Hough Functions present some interesting problems. Haurwitz [5] has recently computed three of these functions and their associated eigenvalues (i.e., equivalent depths). He found that the computation of these functions in terms of Associated Legendre Polynomials was difficult insofar as each Hough Function required a substantial number of polynomials for its accurate representation. Moreover, the amplitude of the functions he found was confined to within a region of 30' about the equator; i.e., within the critical latitudes wheref(=29 sin 6 ) equals 29 sin 30' (=%/I day). As a result it appeared that, at best, a great number of these functions would be needed to represent globally distributed functions.
Because of the confinement to the region of 30" about the equator, it was felt by this author that an investigation of diurnal tides on an equatorially centered @-plane would yield simplified approximations to the Hough Functions and their associated equivalent depths. The resulting calculation will not be described in this paper since its results are not explicitly used. However, as was expected, good approximations to all the Hough Functions of the 1 Present address National Center for Atmospheric Research, Boulder, COlo.
type found by Haurwite and their associated equivalent depths were found. More interesting, however, was the fact that these were not the only eigensolutions. There was also an infinite set of eigenfunctions whose amplitude was concentrated outside the critical latitudes. The 6-plane approximation is, of course, extremely bad a t these latitudes. On the other hand, the inclusion of these eigenfunctions is necessary if the total set of functions is to be complete. This, in turn, suggests that the set of eigenfunctions used by Haurwite [5] is not complete. A new investigation of Laplace's Tidal Equation for a spherical surface was therefore undertaken.
The remainder of this paper deals with that investigation, its results, and their application. It was found that in addition to the eigensolutions found by Haurwitz, there is, in fact, another infinite set of eigenfunctions whose amplitude is concentrated outside the critical latitudes. Associated with these eigensolutions are negative equivalent depths.2 The existence of these eigensolutions proves the incompleteness of the original set. Moreover, the set of Hough Functions, including the new ones, proves quite suitable for the representation of observed tidal distributions. Finally, the Hough Functions are used in order to investigate the diurnal surface pressure oscillation that should result from diurnal variations in solar insolation.
TIDAL EQUATIONS
We will in this section be extremely sketchy in discussing the equations, since they are developed in detail elsewhere [6] who first solved this equation in terms of series of Associated Legendre Polynomials. Its full study has, however, yet to be made. Having obtained the eigenvalues of (2), we express these in terms of equivalent depths, h,, and use them in equation (1) which is then solved for the vertical structure of the tide. In this paper we will restrict ourselves to an isothermal atmosphere where H=constant. Then (1) becomes where
The lower boundary condition for (11) is derived from the condition that wn=O at z=x=O.
Using (8) we see that this implies that
dY, dx
y n are separable, equation giving the former and (2) The solution of (11) will have a particular part correthe latter. 
SOLUTION OF LAPLACE'S TIDAL EQUATION
Recalling that we will now designate Y , 's p-dependence by 6 , ( p ) , we must replace Y , by 6 In the consideration of (21), a few comments on the difference between Hough's objectives and ours are in order. Hough was dealing with the free oscillations of an ocean of constant depth. Thus, he sought those values of w which would satisfy (21). In our problem, we are fixing w, and seeking those values of h which satisfy (21).
Hough found that the solutions of (21) were associated with the solutions of M,=O, 
with s = l and u = O = + j ; M1=-8x, L,=1.2, K,=1.5, and Nz=2. The solution of (28), therefore, is
We now continue the process and find that D7(x)=0 yields x=-0.139, and Dl2(x)=0 yields x=-0.1390. In this manner we have found the first two negative solutions of (21), and their associated eigenfunctions. The two solutions are designated by the subscripts -1 and -3.
Haurwitz [5] has found the first three positive solutions and these will be designated by the subscripts +3, +5, and +7. These values of J: together wit'h their associated equivalent depths are given in table 1; also shown are the An's (see equation (12)). The idea of a negative equivalent depth may seem unreasonable, but, in fact, the name-equivalent depthis misleading. What meaning it has may be seen from a study of equations (11), (12), (15), and (16) in conjunction with equations (6), (7), (8) , and (10). Assume that the plus sign obtains in (11) and that the homogeneous solution (15) is therefore appropriate. We see from equations (6), (7), (8) , and (10) that the amplitudes of the u, v, w, and 87' fields increase with altitude as e212.
When, however, h is negative, the negative sign obtains in (Il), and moreover, k>4. Therefore, in this case the The enis themselves are shown in figure 1. For positive n, e, has increasingly less amplitude outside the critical latitudes as n increases, while for negative n, 8, has increasingly less amplitude within the critical latitudes as n increases.
However, e-1 and e-3 still have considerable amplitude within the critical latitudes. Therefore, if we wish to expand a function with amplitude distributed throughout the latitude domain in terms of e-3, e+5, and e+,, we should get a good representation near the equator and a poorer representation near the poles. The Ern's are given in table 2. Fm=x n R;e&).
(34)
In figure 2 we show F:, Pi and their representations in terms of e+ e.+ e+3, e+5J and e+,. As suggested in section 3, the representations are quite accurate near the equator, but relatively poor at higher latitudes. Nevertheless, the nature of the approximation and its convergence are clearly indicated in the figure, and we may safely use the approximate representations. 
. } sin (tS9-I-12"). (36)
In figure 3 , we show Si(P,) as given by (35), as approximated by (36), and Haurwitz's representation in terms of the first three Hough Functions of the first kind. Clearly the last is an extremely poor representation. Equation (36) gives a much better representation-oscillating about the actual curve. The accuracy of the representat,ion near the equator suggests that similar accuracy could be obtained at high latitudes by the inclusion of another two Hough Functions of the second kind. The present representation is, however, adequate for our purposes. 
SURFACE PRESSURE OSCILLATION DUE TO SOLAR

260.5
For negative h,, (40)'s solution is
We wish to obtain the surface pressure oscillation resulting from the Jn's. I t is easy to obt8ain from equations (9) and ( [4] corrected values of T , appear to be close to the necessary amplitudes. There are, however, considerable errors in their phase. In some recent calculations which the author will publish shortly, it is shown that the contribution of ozone heating to the surface pressure oscillation is by no means insignificant (ca. 170 bb.), and hence these discrepancies should not be surprising.
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CONCLUSIONS
It is found that the Hough Functions computed by Haurwitz are not complete and hence the fact that they are not suitable for representing the observed data is not surprising. When the additional Hough Functions corresponding to negative equivalent depths are added to the set, the completeness of the set and its suitability for representing the observed data become evident.
As an application of the above results, we have investigated the diurnal surface pressure oscillation that should result from solar insolation. Jn agreement with current notions in tidal theory we find that there is nothing surprising about the small amplitude of the observed surface pressure oscillation. Quite the reversewe find that Siebert's insolation model can account for only about a third of the observed diurnal pressure oscillation. However, a crudely modified version of Haurwitz's [4] semiempirical model for heating results in approximately the observed amplitude for 6p; insolation remains the likely main cause for the surface pressure oscillation.
